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Modern Alchemy 
By George L. Clark 
Professor of Chemistry, University of Illinois 
/ 
Several hundred years ago the Man has within his power to control and 


science of chemistry began as a series of 
attempts to transmute base metals into 
gold and other precious metals. All 
those attempts of honest men and of 
charlatans, who were far in the majority, 
proved to be fruitless. Thus arose the 
great principle of the finality and immu- 
tability of the atom as the ultimate unit 
of matter. For more than a hundred 
years chemistry and physics were built 
around the concept of the indivisibility 
and permanent stability of atoms. This 
fundamental concept has remained down 
into the memory of all of us. 


The ultimate permanence of atoms 
of course received a serious blow with 
the discovery of radioactivity or the pro 
cess of spontaneous breakdown of some 
of the heaviest atoms whose hearts or 
nuclei were so complicated as to be un- 
stable and yet, here again man seeming- 
ly was helpless by his puny methods to 
affect in any way the process of radio- 
active disintegration. The forces and 
energies involved seemed far beyond the 
power of any man to produce or control. 


. Now upon the world’s stage we look 

upon a most astonishing state of affairs. 
“Chemists and physicists have become al- 
}\chemists in the direct sense of the word, 
y as they have discovered from long per- 
= sistent inquiry that, after all, these atom- 
“;ic hearts are vulnerable to bombardment. 


on 


utilize infinitely small projectiles of un- 
believeable enery and velocity. 

Only a few short months ago we 
could write down as the fundamental 
unit particles from within the universe 
is constructed the following: 

The electron, or the unit of negative 
electricity. 

The proton, or the heart of the hydro- 
gen atom with a single positive charge 
and a mass slightly greater than one as 
compared with the mass of the oxygen 
atom considered as sixteen. 

Everything material in the whole 
universe thus was to be considered built 
up from the proper combination of elec- 
trons and protons. For example, the 
oxygen atom has a minute nucleus in 
which the mass is concentrated, built 
from sixteen protons, held together by 
eight electrons, while around this nucleus 
as a sort of planetary system are to be 
found eight outer electrons. To these 
two unit fundamental particles might be 
added the alpha particle produced by ra- 
dioactive atoms, which is really the heart 
of a helium atom and which acts appar- 
ently as a stable unit in itself although 
cbviously consisting of four protons con- 
densed together to form the helium nu- 
cleus; and the photon, or the unit par- 
ticle of radiation as distinguished from 
the wave properties of radiation which 

(continued on page 10) 
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In presenting The Hlinois Chemistry 
Teacher as a part of the service of the 
Illinois Association of Chemistry Teach- 
ers we feel that we are providing a 
medium for the interchange of worth- 


while ideas, for the carrying to the teach-- 


ers of this state the valuable material 
presented at the meetings of the associa- 
tion, and for presenting, so far as the lim- 
itations of the publication permits, some 
of the best thought in the teaching of 
chemistry. The aim is to stimulate and 
promote progress in the teaching of 
chemistry. 
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Knox College a Unique Institution 


Knox College, host to the Illinois 
Association of Chemistry Teachers at the 
Mid-Year Meeting, is noted not only for 
the outstanding work carried on there 
particularly in the field of science but 
also for the way it is linked with the his- 
tory of the state. Among other things, 
it is the site of one of those famous his- 
torical Lincoln-Douglas debates of 1858. 
For the occasion of Founder’s Day, which 
it celebrated February 15, in honor of its 
“first” ninety-seven years, “Old Main” 
was restored in appearance to that of 
those historic times. The restoration 
involved an interesting chemical process. 
Chemistry teachers of the state will be 
interested to learn more of the restora- 
tion, the chemical process involved, and 
also to get better acquainted with the in- 
situation as it is today. 

The members of this association cer- 
tainly appreciate the cordial invitation 
extended by Knox College to hold the 
Mid-Year Meeting there and also the 
help of Professor John C. Hessler of that 
institution in making the necessary local 
arrangements. 





The Science Program Under Criticism 


The progressive chemistry teacher 
that wants to keep abreast of the educa- 
tional movement will not want to miss 
the stimulus provided by the Thirty-first 
Yearbook (part 1) of the National Socie- 
ty for the Study of Education. This 
book, entitled A Program for Teaching 
Science, attacks many of the traditional 
principles now venerable with age which 
many of us may still be inclined to accept 
and shows them to be fundamentally 
wrong. Thechallenge is sufficient to 
jolt us from our present “rut” long 
enough for us to question what should be 
a part of the science course and what 
are the objectives about which it should 
be built. Fundamental objectives of each 
of the sciences are presented and plans 
are given for developing courses to bet- 
ter serve the needs of the people. The 
contributors to the book are among the 
leaders in the field of science education. 
The book is published by the Public 
School Publishing Company, Blooming- 
ton, Ilinois. 
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the feet of such in the way of service to 
the race through attainments in chemical 


., | Chemistry in the 


he | ] 1 science. Just as the Battle of Waterloo 
or | Reconstruction Period was won on the school grounds of Rugby, 
re The progressive chemistry teacher is °° the racial triumphs of the years ahead 
ut always instructing ten or fifteen years t¢ to be fought out in the science class 
a ahead of his generation. Before “dry fia and nee tat an ae 
3S; ice” appeared, chemistry teachers were ©4Y- — - AA. MS 
3 demonstrating carbon dioxide snow. Illinois State Normal University_. 
©. | @Cellulose plastics appeared in school lab- hep ‘ 
ch oratories a a and cellophane Hand Book of Chemistry and Physics 
- were market realities. Nitrogen fixation | The New Handbook of Chemistry and 
. was a topic of elementary chemistry be- Physics just published by the Chemical 
: fore the great nitrogen industry appear- Rubber Company is to be commended for 
" ed. Science teachers are largely respon- Completeness of the scientific material 
‘ne sible for the acceptance by the public of Presented and the great variety of topics 
be the germ explanation of many diseases. Covered. The table of solubilities and 
me Without such basic scientific instruction oiling points is essential to answer with 
ad in our schools scientific progress would satisfaction the questions that come from 
n- be impeded or quite impossible. the “wide awake” students and also to 
; , meet intelligently the problems that ocetr 
r- The high school teacher of chemistry jn the laboratory. Just how a teacher 
on has a premier opportunity today, for in can succeed weil in directing project 
he the coming new order, chemistry will work and the laboratory problems that 
he doubtless play a larger part than in the are now so much in vogue with out the 
at old. The closing period was one of great aid of a set of tables such as are presented 
‘al development through mechanical tri- jn the Handbook is rather questionable 
umphs. It was rightly called the machine unless the work is of the “thumb rule” 
age. Goods were produced largely through type. Furthermore the facility gained 
" mechanical transformations of raw jn using a set of tables of scientific data 
materials. We have reached the zenith nq information to answer questions 
er of this development. We have more that arise, as well as solve original lab- 
sal capacity for such transformations than oratory problems, is worth as much to the 
Ss we can use at present. We are entering ctydent as is much of the work presented 
“st the chemical age in which the transfor- jn the chemistry course. 
ie- mations of matter are to be more and 
lis more those involving changes in chemi- Wilkens-Anderson Extends Service 
ng cal constitution. This shift, already so It is interesting to know that the Wil- 
al apparent to the scientific mind, is to be-  ,ens-Anderson Company which formerly 
ch come more and more marked with the devoted its services almost exclusively to 
pt passing of the years. the colleges and universities has extend- 
ly The changing order opens at least two ed its service to the high schools. This 
to unparalleled opportunities to the teacher assures the science departments of the 
ng of chemistry. First: he has the dissem- high schools a supply of dependable high 
be ination of a body of knowledge which is grade apparatus, glass ware, and chemi- 
at daily growing more and more useful to cals at a reasonable cost. Their general 
Id the race. Few,if any subjects in the catalogue may be obtained by writing for 
ch curriculum can match it in this respect. it. : 
ns This knowledge is not that of a past age, We wish to call your attention to the 
=t- rather it belongs to the present and the advertisers using this publication. All 
he future. What it is to do for the race,and are presenting goods of unquestionable 
he what the race will do with it cannot yet merit and are deserving of consideration. 
“ be imagined. Second: it becomes the Moreover, they not only have expressed 
lic cpportunity of the teacher to search out themselves as friendly toward this enter- 
g- 











young life in which is the divine spark 
of a Faraday or Langmuir and to set 




















prise but have proved it by using our 
columns for advertising. 
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Discovery of the Composition of Water 


UNIVERSITY OF ILLINOIS 


Abstract of a lecture given before the Chemi- 
cal Section of the Division of Physical Sciences 
of the High School Conference, November 24, 
1933. 

When students read in their text- 
books that water is composed of oxygen 
and hydrogen; that the composition is 
approximately eight parts by weight of 
oxygen for one part of hydrogen; and 
later that the atomic weight of hydrogen 
is 1.0078, they do not realize that these 
facts are the result of the work of more 
than one hundred different men. Some 
of these men spent many years on the 
problem. At least a half dozen of our 
prominent chemists in the United States 
are working today on a new phase of this 
subject, which has come to their notice 
during the last three years. 


We may well take as the first begin- 
ning, the discovery of hydrogen three 
hundred years ago not far from the time 
when the Pilgrim fathers came to Massa- 
chusetts. So little was known about 
gases of any sort that van Helmont, the 
Dutch chemist who made the discovery, 
invented the word gas. He was still 
something of an alchemist and his ideas 
zbout many things were so crude that he 
said, and evidently believed, that “if you 
set aside some grains of wheat and some 
soiled linen they will generate mice— 
not little ones but full size and running 
about!” 


On Aug. Ist, 1774 Priestly first pre- 
pared oxygen by heating red oxide of 
mercury. Soon after, Lavoisier, in Par- 
is, heated some mercury in a retort con- 
nected with a bell jar containing air until 
the volume ceased to diminish after the 
experiment had been continued for sev- 
eral weeks. He collected the oxide of 
mercury formed and by beating it re- 
covered the oxygen that had been ab- 
sorbed and proved that it was one-fifth 
of the volume of the air. 

Priestley called oxygen “dephlogis- 
ticated air’ a name based on the belief 
that pholgiston is given out when sub- 
stances burn and that ordinary air had 
lost a large part of its ability to support 
combustion for this reason. Oxygen 


WILLIAM ALBERT NOYES 


URBANA, ILLINOIS 


was supposed to be pure “vital air” with- 
out the phlogiston which air contained. 
Priestley and also Cavendish very soon 
tried experiments in which mixtures of 
oxygen and hydrogen (called “inflama- 
ble air’) were exploded and water was 
formed. Water before this had _ been 
universially considered a simple sub- 
stance—indeed it was one of the four 
elements of the ancients. The follow- 
ers of the phlogiston theory were slow to 
grasp the full significance of their re- 
sults but Watt, the inventor of the steam 
engine, stated very soon that water is a 
compound. Cavendish also determined 
accurately that one volume of oxygen 
combines with two volumes of hydrogen 
and also weighed the water formed. His 
experimental work was_ exceedingly 
accurate for his time but he did not know 
the weight of a given volume of hydro- 
gen and an accurate determination of 
the composition of water could not be 
calculated. Lavoisier very promptly 
heard of the English experiments and re- 
peated them. He seems to have been 
the first to give a clear statement that 
water is a compound of oxygen and in- 
flammable air—an excellant illustration 
of the fact that the interpretation of re- 
sults is quite as important as accurate 
experiments. Lavoisier also determined 
the composition of water by boiling 
some water, passing the steam over red 
hot iron, condensing the water which 
was not decomposed and collecting the 
hydrogen. From the weight of the 
water decomposed and the volume of the 
hydrogen, together with the weight of a 
given volume of hydrogen, the composi- 
tion of water was calculated. In these 
results the weight of the hydrogen was 
not well enough known to give a good 
result. 

The first fairly accurate determina- 
tion of the composition of water was 
made by Dulong and Berzelius in 1921. 
They passed pure hydrogen over heated 
copper oxide and collected the water 
formed. The weight of the oxygen was 
known from the loss in weight of the 

(Continued on page 14) 
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The Motoin Pictures For Industrial Plant Trips 


BLOOMINGTON HIGH SCHOOL 


If you are not so fortunate as to have 
within the community where you teach 
an opportunity to take your students into 
industrial establishments where they may 
see chemistry in action, you will probab- 
ly appreciate the possibilities in the use 
of motion pictures. Many schools now 
have a 16 mm. projector. We are list- 
ing here some of the sources and a sampl- 
ing of good film titles available in the 16 
mm. safety type. Any of these agencies 
will be glad to furnish catalogs of their 
films. 


SOURCES 


1—General Electric Co., 230 
St., Chicago IIl. 

2—U. S. Bureau of Mines, 4800 Forbes 
St.. Pittsburg, Pa. 


3—American Museum of Natural His- 
tory, 77th & Central Pk. West, New 
York. 


S. Clark 


Reels Title 


1 Beyond the Microscope ---------- 
Se Ee a eee 
NS EEE 
SUImnur ...... PRD ereee 
Manufactured Abrasives --.-------- 
Story of Lead Mining and Milling ---- 
Carbon Monoxide, The Unseen Danger 
Refining the Crude OE SERRE 
Be ON oct nsib elng sy chic amarante 
Metals of a Motor Car ..----.--- 
en 
Bacteria 
oo eee 
I 5 cn ccckccecenscemeteuns ed 
MOrriseratien: 2.25........- 
ee Ee nr 
Glass Blowing Technique --.-.-----.--- 
Story of a Storage Battery sesh Shah aval eee 
Steel—Mining and Metallurgy 
Cane Sugar 
PN OE GINUS give citics vec nnscanenens 
Mountain to Cement Sack -------.--..-- 
fo bs 3; eee 
Story of Bakelite Resenoid ...------ 
Moleclular Theory of Matter $2 
Oxidation and Reduction $2 _-.------- 
Mining and Smelting of Copper 
SS 
MEE iisawensascces 
Tin 
Chemical Effects of Electricity iitgenes 
goo ae a ee 
Sewage Disposal -..-_-.. 


seb qed eh peu bush pen bebe tomb oun ND END Pent est END OND END Ot END Oe oe Pt os BD Ee te Gp GE) mt Om 


Ss. A. CHESTER 


Four-Stroke Cycle Gas. DNNII nok canta cms iews a 


BLOOMINGTON, ILLINOIS 


4—Y. M. C. A. Motion Picture Bureau, 
19 S. LaSalle St., Chicago, Ill. 


5—Films of Commerce, Inc., 35 W. 
45th St., New York, N. Y. 
6—lowa State College, Ames, Iowa, 


Visual Instruction Service. 
7—University of Wisconsin, Madison, 
Wis., Bureau of Visual Instruction, 
8—University of Iowa, Iowa 
Jowa, Dept. of Visual Instruction. 
9—Indiana University, Bloomington, 
ind., Bureau of Visual Instruction. 
10—Illinois Dept. of Public Health, 
Springfield, II. 

The following list of films is by no 
means complete. It is intended to give 
an idea of the excellent material availa- 
ble. In many cases the films are loaned 
free except for transportation charges. 
Some of the films from the university 


City, 


are loaned on a low rental basis. This 
rate is usually $1 per reel. 
Material Sources 

~ Pb TOPCUNE sn ccnecnannssatikmnenon 1 
Salt Mining, ~-aymietnaiie ciinttedesatnemen: ian 
.Demonstrations —--- SPORE 
OS aa: 
GEN <nducanssvsuiedacstuakadaeeees Os 
eee Lau ith siicgalenleemie bd cnin. ae 
silos shir i steele ness sido te aninae Ria tehsil aden’ © 
Petroleum Industry in ciainiaeiabld eameitmismianaenieinee a 
Complete Manufacturing Process -....... 2 
MINI, sincciniaincadhiciitseiiaiaritasaias hg rane he haan 3 
Hard Water, Soap Manufacture, and Uses 9 
Culture, Growth, Effects on Man -.---... 10 


Rubber Harvesting and Manufacture —- 
Science of Combustion -................. 
Modern Methods Explained -_-. 
From Cotton to Rayon Cloth -._- 


_ History and Manufacture cea 


Complete Manufacture oe See cee 
Discovery and Development of Mfg. oe 
- Manufacture of Portland Cement —- 
.- Story of Dutch Boy White Lead 


MeWOOoOv”s 
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Laboratory Assistants 


LAWRENCE E. DODGE 


GILLESPIE COMMUNITY HIGH SCHOOL 


Most high school chemistry teachers 
need more time for checking reports, set- 
ting up apparatus for demonstrations, 
and doing the other work incidental to 
teaching the course. At the same time 
they do not wish to neglect laboratory 
instruction, a very important and essen- 
tial part of every course, particularly one 
in chemistry. However, as the class en- 
rollment increases, the demands upon 
the instructor’s time also increase and 
handicap the instruction, especially in the 
laboratory. 


Any system or plan which will aid the 
overburdened instructor in directing lab- 
oratory work, must be one which is 
simple in form, flexible in character to 
meet the changing demands of the de- 
partment, and easy to put into operation. 
It must also be a plan that will increase 
the instructor’s control of his classes 
without increasing proportionally his ef- 
forts. Such a system, that of laboratory 
assistants, has been used successfully for 
eight years in the Gillespie Community 
High School. 


The system as it now operates con- 
sists of five members, all seniors. (These 
boys had served at least one semester’s 
apprenticeship during their junior year.) 
At the beginning of the school year the 
senior assistants elected one of their 
members to act as chief-of-staff. This 
assistant has complete control of the 
laboratory work. He outlines a work 
schedule which lists the hours of work 
apportioned to each assistant and also 
their respective duties. 


In the afternoons the assistants spend 
more time in the stockroom checking out 
marterials to qualitative analysis stu- 
dents. As the occasion demands, thé 
assistants are relieved from laboratory 
duty to check, clean, and repair apparatus 
and equipment. Whenever a motion 
picture is to be shown, the assistants act 
as the operators. They clean and oil the 
machine, test the film, put up the screen, 
and see that everything is in perfect con- 
dition. If slides are to be shown, the 


GILLESPIE ILLINOIS 


balopticon is focused and the slides are 
arranged in order to agree with the lec- 
ture notes. 


The duties of the assistants do not end 
with the close of the afternoon session of 
school. They then leave the routine 
laboratory tasks and become clerical as- 
sistants. Daily work, problems, and 
short quizzes are checked and graded. In 
the experimental, or laboratory reports, 
the asistants check the chemical equa- 
tions and the answers to specific ques- 
tions. They correct the drawings and 
grade the probiems. Any peculiarities 
found in the papers graded are reported 
to the instructor. Make up work is also 
put into the hands of the assistants. The 
student who has been absent, is asked to 
report to an assistant, designated by the 
instructor. The student is coached and 
trained in class room work, and is given 
help in working out any experiments he 
may have missed. On Saturday morn- 
ings a chemical clinic is held for the assis- 
tants. The work of the past week is 
1eviewed and plans formulated for future 
work. The instructor and assistants 
work together in performing experiments 
relative to laboratory work, and the chief- 
of-staff receives his instructions for future 
work from the instructor at this time. 


From the nature of the work done it 
is necessary that the assistants be chosen 
very carefully. The qualities desired 
might be classified under the following 
headings: 


Mental. It is highly important that 
the mentality of the prospective assis- 
tants be of a high order. His previous 
scholastic record and the ease with 
which he masters his scientific subjects 
should offer fair standards for judgment 
in this respect. The proverbial “book- 
worm” does not always make an excel- 
lent assistant since he quite often lacks 
the ability to make practical applications 
of his theoretical knowledge. 

Manual. Since the assistants will be 
required to show others how to set up 
apparatus and work with chemicals he 
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should show that he, himself, is careful, 
though rapid in his work. Further he 
should show that orderliness and neat- 
ness are inherent qualities and that he 
can work with his hands. 

Moral. In scientific work honesty, 
integrity, truthfulness, and other moral 
virtues are essential. The potential 
assistant should possess a goodly num- 
ber of moral qualities since he will be 
subjected to many powerful forces such 
as jealousy, unjust criticism, and inter- 
group friendship. 

Health. An assistant should be 
very healthy. No work takes such a 
toll of bodily energy as does that of lab- 
oratory and classroom. 

Personality. Along with all the 
other needed characteristics, an assis- 
tant should have a pleasing personality, 
a personality which aids the student in 
working for the instructor and with the 
cther students in the department. 

It is advisable to choose juniors as 
potential assistants and to make the se- 
lections some time near the end of the 
first semester. These juniors are 
apprenticed to the senior assistants who 
train them thoroughly in the routine 
duties of the laboratory. 

After reading the description of the 
system as it operates at the present time 
it may appear that there is some reason 
to doubt several of the introductory 
statements which read: “easy to put into 
operation,” and “simple in form”. 

‘Lne student assistant system is easy 
to put into operation because it repre- 
sents a development from one student. 
The first student, the nucleus of the 
system, should be chosen very carefully 
and trained very thoroughly in the meth- 
cds used by the instructor. As soon as 
the first assistant has shown sufficient 
proficiency to work independently a sec- 
ond student is chosen. New members 
may be added only when the old mem- 
bers have demonstrated that they are 
capable of doing the work assigned. 
The simplicity of the system is best 
shown by a diagram :— 

Instructor 
Chief-of- staff 
Four senior assistants 
Four junior apprentices 
Members of science classes 


The assistants act as liaison officers, 
making possible more harmonious work- 
ing relationship within the department. 
The instructor will find that it is possi- 
ble, through the assistants, to obtain a 
greater appreciation of the problems con- 
fronting the individual students of the 
science classes. 

The system is exceedingly flexible 
since the duties of the assistants can be 
altered in character at a moment’s notice 
to meet the needs of the department and 
the requirements of the instructor. 

What is the instructor’s part in the 
student assistant system? The instruc- 
tor might well be considered as the com- 
manding officer or director. While he 
is not in direct contact with every stu- 
dent in the department every minute of 
the day still he is kept informed of every 
occurrence in the department. 

In beginning the students assistant 
system, the instructor will have more 
work to do because certain essential ma- 
terials must be provided for the assis- 
tants’ use. Some of the materials re- 
quired are: 

1. Answer sheets to accompany: 
a. daily work 
b. one word quizzes 
c. short exams (ten minute 
type 
d. true and false tests 
e. problems 
2. Record books in which to re- 
cord the grades of: 
a. laboratory experiments 
b. written work 

The record book contains the names 
of the students in the science classes to- 
gether with the experiment numbers. 
By reference to the experiment record 
book the instructor can tell at a glance 
the progress made by each student in the 
laboratory. A considerable number of 
the materials listed above may be saved 
and used from year to year. 

Last but not least, how are the assis- 
tants paid? It is well to offer some in- 
centive to assistants to do good work in 
spite of the fact that some students be- 
cause of the interest in their science 
courses would be glad to work simply for 
the joy of working. An increase in grade 
could be given to assistants for work well 

(Continued on page 12) 








8 THE ILLINOIS CHEMISTRY TEACHER 





SILVERPLATING AS A PROJECT 
H. L. Silchenmyer 
Bloomington High School 

Students often find electroplating an 
interesting chemical project. Such arti- 
cles as knives, spoons, articles of jewelry, 
parts of musical instruments, or of the 
radio may be sileverplated by even an 
amateur. On carrying out the process 
the student gains a practical knowledge 
of the chemistry involved. 

The first and most important opera- 
tion in the electroplating of metals is a 
thorough chemical cleansing of the sur- 
face of the metal to be plated, for if this 
is not accomplished the metal will not 
adhere to the surface. 

Before cleansing the article, it should 
be trussed with copper wire to avoid the 
necessity of handling it during the 
cleansing and plating processes. A 
slight contact with the hands makes a 
second cleansing necessary. The object 
to be plated, when clean, should be plac- 
ed directly in the plating solution, as the 
surface of the cleaned material soon be- 
comes coated with a film when exposed 
to the air. 

If the surface to be plated is rough, 
the deposit will have a dull luster, while 
if the surface is smooth the deposit will 
be bright. 

The following process may be used 
for cleansing a copper or brass object. 
The article to be cleaned is placed in an 
acid solution prepared as follows: Water, 
10 parts; nitric acid, 5 parts; and sul- 
furic acid, 10 parts. This part of the 
cleansing may be accompanied by occas- 
ional rubbing with sand or pumice stone 
powder. The article is then removed 
and rinsed in distilled water. The 
cleansing is continued by placing it in 
a hot concentrated sodium carbonate 
sclution. This is followed by rinsing it 
in distilled water and dipping it in a di- 
lute solution of potassium cyanide. If 
a thin film of the solution completely 
covers the surface of the object and does 
not collect in drops when removed from. 
the solution the object is clean, and 
should be immediately placed in the plat- 
ing solution. However, if the solution 
does collect in drops upon the surface of 
the object, it is an indication that the ob- 

(Continued on page 12) 


ENRICHED CHEMISTRY COURSE 


John C. Chiddix 
Normal Community High School 
Normal, Illinois 
Chemistry becomes more interesting 
to students as their concepts of and ex- 
periences with chemical phenomena are | 
built up. With an increased fund of in- 
iormation the work takes on more mean- 
ing until the students finally are able to 
solve some of their own problems in | 
terms of chemical principles. To hasten 
the process of acquiring a necessary back- | 
ground of information and also to broad- | 
cn it, supplementary reading in books | 
written for the layman will be found of 
much value. 


For the slow and uninterested stu- 
dent, an interesting article that he can 
understand and that deals with the ideas 
he is trying to grasp will both help him 
to succeed and stimulate him to read 
more. For example, any student that is 
having difficulty understanding how 
etoms react will take increased interest 
after reading the chapter entitled Gentle- 
men Prefer Blondes in Kendall’s At 
Home Among the Atoms. 


The gifted student who usually 
suffers because he is neglected and who 
has his initiative stifled by lack of some- 
thing to achieve needs the stimulus of 
more difficult problems to challenge his 
understanding. Such a student would 
enjoy Up from the Microcosmos in Shap- 
ley’s Flights from Chaos. 


Below is given a list of suggested 
readings to be used in connection with 
the study of the atom and its activity. 
Atoms and Their Activity 

Kendall, James. At Home Among the 

Atoms. 

The Century Company, New York. 

1929. 
Bohrville, Chapter 20. 
Gentlemen Prefer Blondes, Chap- 
ter 11. 
Valencia, Chapter 10. 
Mill, John. Within the Atom. 
D. Van Nostrand Company, New 
York, 1923. 
Satisfied and Unsatisfied Sys- 
tems, Chapter 2. 
(Continued on page 13) 
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Program of Meeting 


of 
ILLINOIS ASSOCIATION OF CHEMISTRY TEACHERS 
Knox College, Galesburg, Illinois 
Saturday, March 3, 1934 


Morning, 10:00 o’clock 


Chairman — Glen Tilbury, Urbana High School 
Business Session 


Demmonstrations — Chemical Faculty, Knox College, Galesburg. 


Chemistry in the Industries of the Peoria Region — George C. Ashman, 
Bradley Polytechnic Institute, Peoria. 
(The talk will include the brewing and distilling industries, metal- 
lurgy, etc.) 


Noon, 12:30 o’clock 


Luncheon (Place to be announced at meeting) 


Afternoon, 1:30 o’clock 
Chairman — John C. Hessler, Knox College, Galesburg. 


The Chemistry Teacher’s Contribution to Modern Culture — Dr. Otto 
Reinmuth, Editor of the Journal of Chemical Education, University 
of Chicago. 


Guiding Students in Preparation for the Contest of the Junior Academy of 
Science — Rose M. Cassidy, Maine Township High School, 
DesPlaines. 


Report of Research on Problem Solving Technique for Laboratory Work — 
H. Waldo Horrabin, Western Illinois State Teachers College, Macomb. 


A Unit Organization for Teaching High School Chemistry — L. T. Lucas, 
J. Sterling Morton High School, Cicero. 


Reservations for the luncheon should be sent in at once to Professor 
John C. Hessler of Knox College, Galesburg, Illinois. Professor Hessler is 
in charge of all local arrangements. He announces that excellent hotel 
accomodations may be obtained at either the Custer or Broadview Hotel of 
Galesburg. 
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MODERN ALCHEMY 


(continued from page 1) 
is, in a sense, only a non-material mes- 
senger of the proton and the electron. 

Very few people ever dreamed that 
there could be found or even that there 
existed any other fundamental units 
since these seemed to be adequate to ex- 
plain matter and radiation energy. But 
now in 1934, behold the list of fundamen- 
tal ultimate building stones of the uni- 
verse: 

1. The proton. 

2. The alpha particle. 

3. The negatron, formerly called the 
clectron. 

4. The positron, a single unit posi- 
tive charge of electricity dissociated 
trom mass. 

5. The neutron, a close-coupled pos- 
itive and negative charge giving a par- 
ticle of neutral charge. 

6. The deuton or nucleus of the 
heavy isotope of hydrogen H* or deuter- 
ium.-which is present in “heavy water”. 

7. The triton or nucleus of the rare 
H’* isotope or tritium. 


The discovery of the neutron and the 
positron came as a result of attempts to 
transmute one chemical element to an- 
other by bombarding atomic nuclei with 
alpha particles from radioactive mater- 
ials, or with high speed protons. About 
two years ago Bothe and Becker, work- 
ing in the German Reichsanstalt discov- 
ered that some kind of very penetrating 
rays, supposedly like the therapeutic 
gamma rays, or x-rays of short wave 
length, were emitted when beryllium 
atoms, especially, were bombarded by 
alpha particles from polonium. The 
phenomenon was further studied by 
Curie and Joliot in the Paris Radium 
laboratory. It remained, however, for 
Chadwick and coworkers in the Caven- 
dish Laboratory in England, under the 
direction of Sir Ernest Rutherford, to 
demonstrate that these penetrating rays 
are electrically neutral and are neutrons, 
which are produced by reaction like this: 

Beryllium’ + Helium’ (alpha) = 
Carbon” + Neutron’. These neutrons 
produced by bombardment, are in turn 
capable of acting as disrupting projec- 


tiles, for when one of them collides with 
the nucleus of a nitrogen atom this nu- 
cleus is shattered into boron and helium 
atomic nucleir, whose tracks may easily 
be identified. The process is probably 
N*“ + n' = B” + He*. In some cases 
the neutron is not captured and the dis- 
integration is N* —= B “” + He*. Neon 
nuclei are disrupted in accordance with 
equation Ne” + n’ = 0" + He’. Simi- 
larly if these neutrons pass through any 
material containing hydrogen, such as 
paraffin wax or water, protons are eject- 
ed. The neutron has a relative mass 
very slightly greater than 1. 


The discovery of the positron, or posi- 
tively charged twin sister of the negative 
electron, 'was announced by Professor 
Anderson of the California Institute of 
Technology a short time ago. Very re- 
cently its presence in cosmic rays was 
confirmed in the Cavendish Laboratory 
by Blackett. 


In addition to the sensational dis- 
covery of these two new fundamental 
entities, the neutron and the positron, and 
the two heavy isotopes of hydrogen, re- 
markable alchemical feats are being per- 
formed today in which the familiar pro- 
ton (which now appears to be a neutron 
plus a positron,) serves as the projectile. 
No less remarkable than the fact that pro- 
tons moving at high speeds can disrupt 
atomic nuclei and change one element to 
another, are the ingenious methods by 
means of which these protons can be 
given enormous kinetic energies, up to 
3,000,000 electron volts so far. 


Cockroft and Walton in England were 
the first to devise an artificial production 
of fast protons. They bombarded lith- 
ium with these protons, and identified the 
products of the disintegration as alpha 
particles or helium nuclei. 


Lithium’ + Hydrogen’ (proton) = 2 
Helium‘ (alpha). Of course these pro- 
cesses are not efficient in the sense of pro- 
ducing large quantities of a new element. 
Cockroft and Walton found that one al- 
pha particle was produced for every bil- 
lion protons at 250,000 volts. It has re- 
mained for American: physicists at the 

(continued on page 11) 
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MODERN ALCHEMY 


(continued from page 10) 


University of California, Doctors Law- 
rence, Livingston, Henderson, and White, 
to improve greatly the experimental tech- 
nique so that protons with energies up to 
three million electron-volts are produced 
and used in the disintegration of lithium, 
boron, and other elements. In their in- 
genius apparatus, looking like a kind of 
pill-box cut in two, protons from a fila- 
ment in hydrogen gas are kept circling 
around in a magnetic field between two 
series of plates, with oscillating potential, 
so that the initial 4,000 volts accelerating 
force is augmented each time the proton 
crosses from one series of plates to the 
other, up to the million or more electron- 
volts. These energetic hydrogen hearts 
are then shot at a target, with the result 
that lithium or boron or other atomic nu- 
clei cannot endure the onslaught. The 
effort has been made to give these projec- 
tiles greater and greater energies. It re- 
mained for some German investigators 
recently to show that disintegration can 
occur with protons with energies even as 
low as 29,000 electron volts. 


Still more remarkable are the disin- 
tegrations produced by deutons, to which 
tremendous energies may be imparted in 
the Lawrence apparatus. Deuterium is 
derived from pure heavy water which is 
obtained by electrolytic fractionation of 
ordianary water. This heavy hydrogen 
is then ionized to form the charged deu- 
tons to which enormous kinetic energy 
is artifically imparted until they are 
hurled against targets. Some of the nuc- 
lear disintegrations which result from 
deuton bombardment are as follows: 

Li’ + H* = 2He* + n’ 

Li’ + H* = He’ 

Be’ a H’? — a + n 

H* = H’ +n’ (against heavy 
metal] targets). Neutron production by 
means of deutons is several hundred 
times more efficient than the yield from 
alpha particles. 

Only a few days ago Tuve and Hof- 
stad at the Carnegie Institution in Wash- 
ington accomplished another transforma- 
tion of unusual interest. They found 
that— 

(Continued on page 12) 








SERVING SCIENCE 
EVERY WHERE 





Recommended by Division of Chemical Education 
American Chemical Society 


NEW 18th EDITION 
HANDBOOK OF CHEMISTRY 
AND PHYSICS 
340 Pages Revised—162 New Pages 
Compiled by 200 Professors and Directors 
of Research 
We announce, to % 











teachers and students P. 5 
Re ar in high schools and € to 
colleges throughout 
gul Teachers 
Price the world, the publi- 
cation of the 18th | & Students 
$6 Edition of the Hand- 
book of Chemistry $3 
and Physics. 














A large number of revisions and additions have 
been made in this up-to-date, 1818 page reference work. 
Of particular interest to you will be the new section of 
descriptive matter on the Elements, and the enlarged 


section of Physical Constants of Inorganic Compounds 
now listing more than 4,000 compounds. Descriptive 
folder sent on request. 


Limited Supply of Previous €E ditions Ava:lable—Write 
for Prices and information. 


THE CHEMICAL RUBBER CO. 
1906 W. 112th St. Cleveland, Ohio 
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LABORATORY ASSISTANTS 

(Continued from page 7) 
done. But since high grades have form- 
ed a basis for selection, much of an in- 
crease in grade might give the assistnat 
« mark of one hundred or more. In the 
Gillespie Chemistry Department chenile 
monograms are awarded to the assistants 
at the end of their year of apprenticeship. 
These monograms cost as much as the 
athletic letters awarded in sports and 
are prized as highly by the students re- 
ceiving them. 

As no system is perfect, it is not to be 
expected that the laboratory assistant 
system will always operate with one 
hundred per cent efficiency; but after 
eight years of testing and carefully eval- 
uating such a system it can definitely be 
stated that the problems and duties of 
an overworked science instructor may be 
considerably reduced, or entirely remov- 
ed, through the intelligent use of care- 
fully selected and thoroughly trained 
student laboratory assistants. 








SILVERPLATING AS A PROJECT 
(Continued from page 8) 

ject is not clean and the cleansing pro- 

cess should be repeated. 

For silverplating, one liter of the plat- 
ing solution may be prepared as follows: 
(1) dissolve 8.6 grams of silver nitrate 
in 500 cc. of distilled water; (2) dissolve 
85 grams of potassium cyanide in a sec- 
ond portion of 500 cc. of distilled water ; 
and (3) mix the solutions of silver 
nitrate and potassium cyanide. 

Two or three dry cells may be used 
to furnish the electric current. The 
current flow can be controlled by an ad- 
justable resistance placed in the circuit. 
The cleaned article to be plated is con- 
nected by copper wire with the negative 
pole, while a silver feeding plate (a sil- 
ver coin may be used) is connected with 
the positive pole. The time needed for 
plating depends upon the thickness of the 
coating desired. 

Some undesirable results may be ob- 
tained: for example, the silver may fail 
to stick, may be dark, or may have a dull 
luster. The failure of the metal to stick 
indicates that the metal to be plated was 
not chemically clean. If the plating is 
dark, too much current is flowing and 


more resistance is needed in the circuit. 
If the surface has a dull luster, it indi- 
cates that the article was not well polish- 
ed before it was plated. 

For polishing the finished product, 
jeweler’s rouge will be found especially 
useful. 


MODERN ALCHEMY 


(continued from page 11) 

Aluminum” + Helium‘ (alpha) = Si- 
licon® + H’* (proton). However, this 
took place only if alpha particles were 
\ery carefully “tuned” to the aluminum 
atoms, or had just the right amount of en- 
ergy (600,000 volts) to penetrate or set 
into resonance the aluminum atomic 
hearts. 


And so, in the light of these amazing 
developments in research of the past few 
months, including evidence of the trans- 
formation of matter into energy, or en- 


ergy into matter, who can say that 
science is finished, and that everything 
of any importance has been discovered? 
In spite of the darkest days in economic 
history, surely these are great times in 
which we live. We are coming daily to 
a ciearer knowledge of the universe, and 
to appreciation of the greatness of men’s 
minds which can conceive such experi- 
ments and interpret them unmistakably 
in terms of the utterly smallest things in 
the universe. Certainly it is an over- 
powering inspiration to contemplate the 
lact that my mixing a little radium ema- 
nation with a little powdered beryllium 
in a test tube, or by spinning atomic 
nuclei around in a “pill-box” until great 
energies are added artifically, infinitely 
small projectiles, so powerful, with such 
terrific velocities, that the nuclei of atoms, 


‘ seemilgly among all things the most truly 


everlasting and unchanging, can be shat- 
tered. Nineteen hundred thirty-four has 
seen the return of the alchemist—but the 
most advanced and brilliant and modern 
scientists, who gives not a thought to 
changing lead to gold so as to become 
magically wealthy, but to achievements 
more priceless and spectacular. 
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ENRICHED CHEMISTRY COURSE 
(Continued from page 8) 
Atoms and Molecules—What They Are 
Bragg, Sir William. Concerning the 
Nature of Things. 
Harper and Brothers, New York. 
Atoms of Which Things Are 
Made, Chapter 1. 


Darrow, Floyd L. The Story of 
Chemistry. 
Bobbs Merrill Company, Indianapo- 
lis, 1927. 
After Alchemy, Chapter 2. 
Hendrick, Ellwood. Everyman’s 
Chemistry. 
Harper and Brothers, New York, 
1917. 


Heart of the Thing, Chapter 2. 
Kendall, James. At Home Among the 
Atoms. 
Atom—Its Size and Weight, Chap- 
ter 8. 
The Mighty Atom, Chapter 6. 
Martin, Geoffrey. Triumphs and 
Wonders of Modern Chemistry. 
D. Van Nostrand Company, New 
York, 1919. 


The Underworld of Atoms, Chap- 
ter 2. 
Atomic Disintegration and Radio Active 

Materials. 

Clifford, James L. 
Atomic Science. 
Richard and Badger, The Gorham 

Press, Boston, ’30. (See page 15.) 


Experiments in 


A Book for Class and Club 

The historical aspect of chemistry 
cften adds much interest to both class 
and club work. Students are interested 
in the type of aparatus used by the ear- 
lier chemists and in the experiments that 
lead to the discovery of much of our 
present day knowledge in this field. An 
interesting book that will supply infor- 
mation as to the apparatus and experi- 
ments of the earlier chemists is “Modern 
Alchemy” by Noyes and Noyes. 

Much of the material has been obtained 
through first hand experience and con- 
tact with ancient apparatus and also 
through original sources. The book is 
well written and will interest science stu- 
dents. 








THREE STANDARD TESTS 
FOR YOUR CHEMISTRY CLASSES 


For thorough, accurate, reliable, and impartial measures of the achievements of your 
chemistry students, we recommend the following standardized tests: 


Malin Diagnostic Test in the Mechanics of High School Chemistry. Part I deals with 
the properties of gases; Part II covers laws and theories, the writing and naming of 
formulas, and the solving of numerical problems Sample set 15c, postpaid. 


Persing Laboratory Chemistry Test. An objective test of laboratory technique. It 
includes the use of multiple-choice statements, completion type problems, completion of 
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Rich Chemistry Test. 


U.S. 





WE DO OUR PART 





apparatus, and checking incorrectly set up apparatus. Sample set 15c, postpaid. 


Attainment is measured in (a) ability to think; (b) information; 
(c) ability to solve numerical problems; and (d) habits and knowledge acquired from 
work in the laboratory. Sample Set 20c Postpaid. 


Quantity prices upon request. 
PUBLIC SCHOOL PUBLISHING COMPANY 
509-11-13 North East Street 


Bloomington, Illinois 
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pulled out. 


bottom of the test tubes may be seen. 


beveled as in the finest cabinet work. 


No. 7531. 10 holes, 10 pins. Rock maple 
base, 45 mm. thick, 330 mm. long, and 60 
mm, wide. 8 holes are 22 mm. and 2 holes 
are 26 mm. in diameter. Pins are 8 mm. 
in diameter, of kiln dried maple, securely 
fitted. Packed 36 in a carton. 


Se 


WACO TEST TUBE SUPPORTS 


WACO Test Tube Supports are made of kiln 
dried rock maple, so closely grained that water 
cannot penetrate; and will last for years. 
base is 45 mm. thick, permitting the kiln dried pins 
to be forced in so tightly that they cannot be 
The new design provides a slot in 
front of each hole, so that the precipitates in the 


WACO TEST TUBE SUPPORTS END YEARLY REPLACEMENTS 


The substantial appearance of the WACO support is its own recommendaticn of 
long life while the paraffin treatement keeps it looking like new. They are easily 
handled, stored in a minimum space, and the edges do not chip nor split because they are 
Our name is burned in for your protection. 


WACO Supports are standard equipment at the University of Minnesota, University 
of West Virginia, University of Florida, Drake University, State University of Iowa, etc. 





*20% Discount in original cartons; 30% Discount in lots of 4 cartons 


The 





No, 7536. 6 holes, 6 pins. Rock maple 
base, 45 mm. thick, 205 mm. long and 60 
mm. wide. Holes are 22 mm. in diameter. 
Pins are 8 mm. in diameter, of kiln dried 
maple, securely fitted. Packed 36 in a 
carton. 


Each* ___ .-.. $0.55 
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Discovery of the Composition of Water 

(Continued from page 4) 
copper oxide, and the weight of the 
hydrogen from the difference between 
that and the weight of the water. In 
this and the following experiments the 
results are recalculated as the atomic 
weight of hydrogen, with O=16.00 as 
the basis. As we now know that there 
are three kinds of oxygen, these values 
require a slight change. Their value 
was 1.00667. 

Twenty years later, in 1842, Dumas 
spent many months in determining the 
ratio by the same method. His value 
was 1.00250. Dumas said he hoped this 
result was within one part in 300 or 400 


of the truth. Because the result agreed. 


closely with a result based on the rela- 
tive densities of hydrogen and oxygen 
gases as determined by Regnault, the 
value was considered as quite accurate 
for about 40 years. Then it was discov- 
ered that Regnault’s empty globe must 
have been compressed with a weight of 
several tons of air on the outside. Be- 
cause of the air displaced the weight of 


the empty globe was too heavy and there 
was a very considerable error, complete- 
ly destroying the agreement with the 
value of Dumas. 

Professor E. W. Morley worked for 
more than 15 years on the problem at 
Cleveland, Ohio. His xperiments were 
carried through with a patience and 
painstaking accuracy which has never 
been excelled. He weighed his hydro- 
gen absorbed in palladium, his oxygen in 
globes and he also weighed the water 
formed by their combination. His val- 
ue was 1.00762. Morley also determin- 
ed the weight of a liter of hydrogen, us- 
ing 40 liters of the gas, and by taking 
the ratio of combination by volume and 
the weight of a liter of oxygen, which he 
also determined, a result closely agreeing 
with the other was secured. 

Cooke and Richards weighed four 
liters of hydrogen in a globe, burned it 
and weighed the water formed. Before 
they published their results they made 
the same mistake as Regnault, in regard 
to the weight of the hydrogen, but were 

(Continued on page 15) 
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Discovery of the Composition of Water 


(Continued from page 14) 
able to correct the mistake by determin- 
ing the compression of their globe when 
there was a pressure of an atmosphere on 
the outside. Their corrected value was 
1.00826. 

In 1888 it occurred to me that I could 
weigh an evacuated apparatus containing 
copper oxide, pass into the apparatus hy- 
drogen gas while heating the oxide, and 
condense the water formed within the 
same apparatus. The gain in weight gave 
the weight of the hydrogen and the loss in 
weight after the water was removed gave 
the weight of the oxygen. This gave a 
fairly accurate result but an error in the 
calculation was suspected later which if 
corrected, would bring the result very 
close to Morley’s. In 1904-7 I was able to 
repeat the work at the Bureau of Stand- 
ards in Washington and then found the 
value 1.00787. The value now given in 
atomic weight tables is 1.0078 and, taken 
with Morley’s value, I think we have 
some reason to hope that this is accurate 
within one part in 5000. 


Choice Books for the Library 

A comprehensive article entitled, “Re- 
port of the Committee on Chemistry Li- 
braries”, is to be found in the February 
issue of the Journal of Chemical Educa- 
tion. This report gives a list of books 
and magazines which are recommended 
for chemistry libraries. The list includes 
popular books, text books, and laboratory 
manuals, and books on teaching and on 
the history of chemistry. While the re- 
port was prepared primarily for high 
school teachers, yet college and university 
teachers will also find it valuable. 

The report is made by V. S. Culp, W. 
A. Noyes, and Rufus D. Reed. 


ENRICHED CHEMISTRY COURSE 

(Continued from page 13) 

Phosphorescent Effect, pp. 49-53. 

Photography with Radioactive 
Radiations, pp. 19-25. 

Evidences of Radioactive Disinte- 
gration Using Uranium Com- 
pounds, pp. 56-65. 


(Continued next issue) 


Recommended By 


The Committee on 
Chemistry Libraries 
The Scientific Book Club Review 


Modern Alchemy 





By 
WILLIAM A. NOYES (University of Illinois) 


and 


W. ALBERT NOYES (Brown University) 


For teachers of chemistry and physics in high 
schools who wish to keep abreast of contempor- 
ary advances, this book reveals clearly how far 
chemistry, physics, metallurgy, and medicine 
are interconnected, and how varied are the in- 


vestigations that may be classed as “Modern 
Alchemy”. 


In this interesting account, the authors present 
a clear outline of the modern concepts of the 
constitution of matter, the new ideas of the 
construction of the atom, useful explanation of 
the phenomenon of chemical combination, the 
effects of radiation on chemical systems, recent 
discoveries of new elements and new applica- 
tions of old ones, the application of physics and 
chemistry to the treating of disease. 


To teachers this book is highly recommended 
for its clear and connected review of modern 


concepts of chemistry and physical chemistry. 


X -+ 208 pages 17 illustrations 
Bibliography Index 


$2.00 a copy, postpaid 


CHARLES C THOMAS 


SPRINGFIELD, ILLINOIS 
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“The JOURNAL of CHEMICAL 
EDUCATION 

is quite indispensable 

for my work’’ 


says a professor of chemistry in a well known educational 
institution. 


This, in substance, is the high value that is attached to the Journal of 
Chemical Education by the heads of departments of chemistry and science 
in high schools and colleges, and in fact by all others who are interested in 
chemistry and chemical education, and who realize the importance of keep- 
ing right up to date on new developments and advanced methods. 


As the sole official publication of the Division of Chemical Education 
of the American Chemical Society, the Journal of Chemical Education main- 
tains a worthy standard of thoroughness, authoritativeness, quality and 
value—is a living textbook of Chemistry. 





Every teacher of Chemistry in Illinois should have the help and inspira- 
tion that the Journal is sure to provide. Chemists and chemical educators 
in all parts of the world regard it as a practically indispensable part of their 
every day working equipment and as an invaluable source of reference. 
Send in your subscription today and let the Journal put new life into your 
teaching of chemistry and science. 






Journal! of Chemical Education, 
20th & Northampton Streets, Easton, Pa. 


Enclosed please find $..........-- for a year’s subscription to the JOURNAL OF 
CHEMICAL EDUCATION for 
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Subscription Rates 
U. S. and Pan-American Countries $3.00 per vear 
Foreign Countries $4.00 Canada $3.50 


Single Copies, current year, 50c each 
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